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VEHICLE STEERING SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a vehicle steering system 
which can perform an automatic steering control and cancel 
the control. 

There are proposed techniques for performing an auto 
matic steering of a vehicle by making use of a steering actua 
tor provided on the vehicle. For example, a power steering 
system installed on a vehicle includes an electric motor or a 
hydraulic actuator as a steering actuator for imparting a steer 
ing force (a steering assist force) to a steering mechanism. 
Then, steered road wheels of the vehicle can be turned with 
out involving the manipulation of a steering wheel by the 
driver by controlling the output of the steering actuator. 
More specifically, in an automatic parking assist control, a 

target traveling path from a current position to a parking 
position of the vehicle is calculated, and a relationship of a 
target turning angle with a traveling distance of the vehicle is 
obtained so that the vehicle is reversed along the target trav 
eling path so calculated. Then, the steering actuator is con 
trolled so as to attain a target turning angle according to a 
traveling distance of the vehicle. As this occurs, the driver 
only has to perform the adjustment of stopping position as 
well as the adjustment of vehicle speed by controlling the 
brake and accelerator pedals and does not have to manipulate 
the steering wheel. 

In the case that a human being or obstacle Such as a moving 
object other than the human being happens to enter the target 
traveling path of the vehicle after the vehicle has started 
reversing, the driver can intervene in the automatic parking 
control by not only applying the brakes but also imparting a 
manipulating torque to the steering wheel. As this occurs, it is 
detected that the manipulating torque imparted to the steering 
wheel exceeds a predetermined torque threshold value, in 
response to which the automatic parking control is canceled 
(see JP-A-2004-284530, for example). In addition to this, the 
automatic parking control can be canceled according to the 
intention of the driver by manipulating a predetermined 
Switch which activates the stop of automatic parking control. 
When the automatic parking control is performed, there 

may occur a case where the steering wheel rotates fast 
depending upon adjustment of the vehicle speed by the driver, 
an approaching angle to the parking position or a target trav 
eling path. Although there is caused no problem when the 
rotational speed of the steering wheel is low, in the case that 
the steering wheel rotating at faster speeds Strike the hand or 
fingers of the driver, the driver may feels uncomfortableness. 
In particular, during the automatic parking control, the driver 
adjusts the vehicle speed while looking backwards. When the 
steering wheel rotating at faster speeds strike the hand or 
fingers of the driver in such a situation, the driver is astonished 
by an abrupt impact he or she is given. Although the manipu 
lating torque exceeds the torque threshold value to thereby 
cancel the automatic parking control when the handorfingers 
of the driver are caught by the rotating steering wheel, causing 
nothing dangerous to the driver, he or she cannot escape from 
having to sense the feeling of uncomfortableness due to the 
abrupt impact. 

In the related art like this, the intervention in automatic 
steering control is not always performed properly. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a vehicle steering 
system which can properly set a threshold value for permit 
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2 
ting an intervention in automatic steering control to thereby 
permit a proper intervention in automatic steering control 
according to the operating speed of the control member and 
other driving states of the vehicle. 

With a view to attaining the object, according to a first 
aspect of the invention, there is provided a vehicle steering 
system including a steering actuator (M) for imparting a 
steering force to a steering mechanism (1) of a vehicle, an 
automatic steering controller (22) for performing an auto 
matic steering control by controlling the steering actuator, a 
driving state detector (11, 25) for detecting a driving state of 
the vehicle during the automatic steering control by the auto 
matic steering controller, a threshold value setting unit (S1, 
S2, S5; S11) for variably setting a threshold value (TH) for 
permitting an intervention in the automatic steering control 
by the automatic steering controller, and an automatic steer 
ing intervention unit (24, 29, S3, S4, S6, S7, S12, S13) for 
intervening in the automatic steering control by the automatic 
steering controller based on a threshold value set by the 
threshold value setting unit. Note that parenthesized alpha 
betical character, alphabetical characters with numbers and 
numbers indicate corresponding constituent elements in an 
embodiment which will be described later on. 

According to the configuration of the first aspect of the 
invention, the threshold value at which the intervention in the 
automatic steering control is permitted is variably set accord 
ing to the driving state of the vehicle which is under automatic 
steering control, whereby the intervention in the automatic 
steering control can be permitted properly according to the 
driving state of the vehicle, so that, for example, causing the 
driver to sense the feeling of uncomfortableness can be Sup 
pressed or prevented, thereby making it possible to improve 
the steering feeling. 
The automatic steering intervention unit may be such as to 

cancel the automatic steering control by the automatic steer 
ing controller or may be such as to forcibly change the mode 
of automatic steering control by the automatic steering con 
troller. 
The driving state detector may be such as to detect the 

operating State (the steering angle, steering speed and the 
like) of the steering mechanism which is under automatic 
steering control, may be such as to detect the operating state 
(the operating amount, operating speed and the like) of a 
control member for controlling the steering direction of the 
vehicle when the steering mechanism is linked with the con 
trol member or may be such as to detect the speed (the vehicle 
speed) of the vehicle which is under automatic steering con 
trol. 

According to a second aspect of the invention, there is 
provided a vehicle steering system as set forth in the first 
aspect of the invention, including further a control member 
(5) linked with the steering mechanism, and a torque detector 
(11) for detecting a manipulating torque that is applied to the 
control member, wherein the threshold value setting unit is 
Such as to variably set a torque threshold value for permitting 
an intervention in the automatic steering control, and wherein 
the automatic steering intervention unit is such as to intervene 
in the automatic steering control by the automatic steering 
controller when a manipulating torque detected by the torque 
detector exceeds a torque threshold value set by the threshold 
value setting unit. 

According to the configuration of the second aspect of the 
invention, when the manipulating torque is imparted to the 
control member and the manipulating torque so imparted 
exceeds the torque threshold value, the intervention in the 
automatic steering control is permitted. Consequently, in the 
case that the driver attempts to intervene in the automatic 
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steering control by manipulating intentionally the control 
member, or in the case that the hand, fingers or other part 
constituting an obstacle of the driver is caught by the control 
member, the automatic steering control can be cancelled or 
the mode of the automatic steering control can be changed 
forcibly. Moreover, since the torque threshold value is vari 
ably set according to the driving state of the vehicle, a proper 
torque threshold value can be set according to the driving State 
of the vehicle which is under automatic steering control. By 
being configured like this, in the case that the driver attempts 
to intervene the automatic steering control or the hand, fingers 
or other part constituting an obstacle of the driver is caught by 
the control member, since the uncomfortableness the driver is 
caused to feel can be reduced, the steering feel can be 
improved. 
The steering mechanism and the control member may be 

linked with each other mechanically, or the steering mecha 
nism and the control member may be put into a relationship in 
which the steering mechanism and the control member are 
linked with each other through electric control although they 
are not in a relationship in which the operation of one of them 
is mechanically transmitted to the other. 

According to a third aspect of the invention, there is pro 
vided a vehicle steering system as set forth in the second 
aspect of the invention, wherein the driving state detector 
includes an operation speed detector (25) for detecting the 
operation speed of the control member, and wherein the 
threshold value setting unit is such as to determine a torque 
threshold value in Such a manner as to become Smaller as the 
operation speed detected by the operation speed detection nit 
becomes faster. 

According to the configuration of the third aspect of the 
invention, in the case that the steering mechanism is con 
trolled to perform a steering operation as a result of the 
automatic steering control and the control member is caused 
to operate due to being linked with the steering mechanism 
which is performing the steering operation, the torque thresh 
old value is variably set according to the operation speed of 
the control member. Specifically, the torque threshold value is 
set smaller as the operation speed of the control member 
becomes faster, whereby since, in the case that the control 
member operates at high speeds by virtue of the automatic 
steering control, the intervention in the automatic steering 
control is permitted with a relatively small torque threshold 
value, the automatic steering control can be cancelled as soon 
as possible or the mode of the automatic steering control can 
be modified forcibly before a large impact is given to the 
driver even though the driver is brought into contact with the 
control member, whereby the steering feel can be improved. 
The operation speed detector may be such as to include a 

manipulating angular Velocity detector for detecting an angu 
lar Velocity at which a steering wheel is manipulated in the 
case that the control member takes the form of the steering 
wheel. 

According to a fourth aspect of the invention, there is 
provided a vehicle steering system as set forth in the third 
aspect of the invention, wherein the automatic steering inter 
vention unit includes an operation speed limiting unit (29) for 
intervening in the automatic steering control by the automatic 
steering controller in the case that the operation speed (oth) 
detected by the operation speed detector exceeds a predeter 
mined speed threshold value So as to limit the operation speed 
of the control member to be equal to or lower than the speed 
threshold value. 

According to the configuration of the fourth aspect of the 
invention, when the operation speed of the control member 
which is linked with the steering mechanism under automatic 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
steering control exceeds the speed threshold value, the opera 
tion speed limiting unit intervenes in the automatic steering 
control to change the mode of the automatic steering control 
forcibly so that the operation speed of the control member 
becomes equal to or lower than the speed threshold value. By 
being configured like this, since the operation speed of the 
control member is limited to be equal to or lower than the 
speed threshold value, in the case that the driver contacts the 
control member, causing the driver to sense the feeling of 
physical disorder in manipulating the control member largely 
can be suppressed or prevented, thereby making it possible to 
improve the steering feel. In addition, the danger of the hand, 
fingers or other part constituting an obstacle of the driver 
being caught by the control member can be reduced. 

According to a fifth aspect of the invention, there is pro 
vided a vehicle steering system as set forth in the fourth aspect 
of the invention, wherein the operation speed limiting unit is 
Such as to intervene in the automatic steering control by the 
automatic steering control means So as to limit the operation 
speed of the control member to be equal to or lower than the 
speed threshold value when a manipulating torque detected 
by the torque detector exceeds a torque threshold value set by 
the threshold value setting means in the case that an operation 
speed detected by the operation speed detector exceeds the 
speed threshold value. 

According to the configuration of the fifth aspect of the 
invention, when the operation speed of the control member 
exceeds the speed threshold value and the manipulating 
torque exceeds the torque threshold value, the mode of the 
automatic steering control is forcibly changed so that the 
operation speed of the control member is limited to be equal 
to or lower than the speed threshold value. Consequently, in 
the case that the driver intentionally imparts the manipulating 
torque to the control member or in the case that the hand, 
fingers or other part constituting an obstacle of the driver 
strikes the control member, the automatic steering control is 
intervened in so as to realize the reduction in the feeling of 
physical disorder sensed by the driver in manipulating the 
control member while Suppressing the intervention in the 
automatic steering control as much as possible. 

According to a sixth aspect of the invention, there is pro 
vided a vehicle steering system as set forth in the fourth or 
fifth aspect of the invention, wherein the automatic steering 
intervention unit includes further a unit (S4) for canceling the 
automatic steering control by the automatic steering control 
ler when a manipulating torque detected by the torque detec 
tor exceeds a torque threshold value set by the threshold value 
setting means in the case that an operation speed detected by 
the operation speed detector is lower than the speed threshold 
value. 

According to the configuration of the sixth aspect of the 
invention, in the case that the operation speed of the control 
member is relatively slow, when the manipulating torque 
exceeds the torque threshold value which is set relatively 
large by the threshold setting unit, the automatic steering 
control is cancelled. In the case that the operation speed of the 
control member is slow, the danger of the hand or fingers of 
the driver being caught by the control member is Small, and 
even though the hand or fingers of the driver are brought into 
contact with the control member, there is caused no fear that 
the driver is given a large impact. Then, in the case that the 
operation speed of the control member is slow, the torque 
threshold value is set relatively large, and in the case that the 
manipulating torque which exceeds the torque threshold 
value so set is imparted to the control member, judging that 
the driver intentionally intervenes in the automatic steering 
control or there is a possibility that the hand or fingers of the 
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driver are caught by the control member, the automatic steer 
ing control is cancelled. On the other hand, since the opera 
tion speed of the control member is limited to be equal to or 
lower than the speed threshold value, even though the driver 
contacts the control member, the driver is given a large impact 
in no case. Furthermore, with this aspect of the invention 
combined with the fourth aspect thereof, since an intervention 
is made to automatic steering control so as to limit the opera 
tion speed of the control member to be equal to or lower than 
the speed threshold value on condition that the manipulating 
torque exceeds a relatively small torque threshold value when 
the control member operates quickly, the intervention by the 
driver can be permitted properly while Suppressing the inter 
vention in the automatic steering control to a minimum level. 
and additionally, imparting a large impact to the hand or 
fingers of the driver can be suppressed or prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conceptual diagram which describes the con 
figuration of an electric power steering system which is a 
vehicle steering system according to an embodiment of the 
invention. 

FIG. 2 is a block diagram which describes an electrical 
configuration of a controller provided in the vehicle steering 
system. 

FIG. 3 is a flowchart which describes the operation of an 
automatic parking cancellation control section provided in 
the controller. 

FIG. 4 is a flowchart which describes the operation of a 
second embodiment of the invention, in which a control for 
canceling an automatic parking mode is shown. 

FIG. 5 is a diagram which describes a variable setting 
example of a torque threshold value in the second embodi 
ment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the invention will be 
described in detail with reference to the accompanying draw 
1ngS. 

FIG. 1 is a conceptual diagram which describes a configu 
ration of an electric power steering system which is a vehicle 
steering system according to an embodiment of the invention. 
The electric power steering system is configured such that 
torque generated by an electric motor M functioning as a 
steering actuator is transmitted to a steering mechanism 1 for 
turning steered road wheels W (for example, left and right 
front road wheels) of a vehicle. The steering mechanism 1 is 
a rack-and-pinion type steering mechanism which includes a 
rack shaft 2 which extends along a lateral direction of the 
vehicle and a pinion 3 which meshes with a gear portion of the 
rack shaft 2. One end of a steering shaft 4 is connected to the 
pinion 3, and a steering wheel 5 functioning as a control 
member is connected to the other end of the steering shaft 4. 
Consequently, when the steering wheel 5 is manipulated to 
rotate, the rotation of the steering wheel 5 is transmitted to the 
rack shaft 2 via the steering shaft 4 and the pinion 3 so as to be 
transformed into an axial displacement of the rack shaft 2. 

Ends of a pair of tie rods 6 are connected to ends of the rack 
shaft 2, respectively. The other ends of the pair of tie rods 6 are 
connected to ends of a pair of knuckle arms 7, respectively. 
The pair of knuckle arms 7 are supported rotatably around a 
pair of king pins 8, respectively, and are connected to the pair 
of steered road wheels W via the king pins 8, respectively. In 
this configuration, when the rack shaft 2 is displaced in an 
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6 
axial direction, the knuckle arms 7 rotate around the kingpins 
8, respectively, whereby the steered wheels are turned. 

In order to impart a proper steering force to the steering 
mechanism 1, a controller (an ECU: Electronic Control Unit) 
10 is provided for controlling the electric motor M. The 
controller 10 is designed to receive output signals which are 
inputted thereinto from a torque sensor 11 for detecting a 
manipulating torque imparted to the steering wheel 5, a 
manipulating angle sensor 17 for detecting a manipulating 
angle of the steering wheel 5 by detecting a rotational angle of 
the steering shaft 4 and a vehicle speed sensor 12 for detecting 
a vehicle speed of the vehicle on which the electric power 
steering system is installed. An output of an automatic park 
ing mode Switch 13 for setting and canceling an automatic 
parking mode is further given to the controller 10. A video 
signal is inputted into the controller 10 from a camera 14 for 
sensing an image at the rear of the vehicle. Furthermore, a 
display device 15 (for example, a liquid crystal display device 
or other graphic display device) which is disposed in the 
vicinity of a driver's seat of the vehicle is connected to the 
controller 10, and an output signal of a touch panel 16 pro 
vided on a display screen of the display device 15 is designed 
to be inputted into the controller 10. 
When the automatic parking mode is instructed by manipu 

lation of the automatic parking mode switch 13, the controller 
10 controls the electric motor M according to the automatic 
parking mode in which a steering control (an automatic park 
ing control) is performed for automatic parking of the vehicle. 
When a cancellation of the automatic parking mode is 
instructed by manipulation of the automatic parking mode 
switch 13, the controller 10 cancels the automatic parking 
control and controls the electric motor M according to an 
assist mode. The assist mode means a control mode for caus 
ing the electric motor M to generate a steering assisting force 
to assist the driver in manipulating the steering wheel 5 based 
ona manipulating torque detected by the torque sensor 11 and 
a vehicle speed detected by the vehicle speed sensor 12. 

FIG. 2 is a block diagram which describes an electrical 
configuration of the controller 10. The controller 10 includes 
a microcomputer 20 and a drive circuit 30 for supplying 
electric power from an onboard battery 31 to the electric 
motor M. 
The microcomputer 20 includes a CPU (Central Process 

ing Unit) and a memory (ROM, RAM and the like) and 
performs functions of a plurality of functional processing 
units. The functional processing units include an assist con 
troller 21 for controlling the electric motor Maccording to the 
assist mode, an automatic parking controller 22 for control 
ling the electric motor Maccording to the automatic parking 
mode, a mode switching unit 23 for switching the mode of the 
electric power steering system between the automatic parking 
mode and the assist mode, an automatic parking cancellation 
controller 24 for canceling the automatic parking control by 
the automatic parking controller 22 so as to shift the mode of 
the electric power steering system from the automatic parking 
mode to the assist mode when a predetermined condition is 
established, and a manipulating angular Velocity calculator 
25 for calculating a manipulating angular Velocity which is a 
time differential value of a manipulating angle outputted by 
the manipulating angle sensor 17. 
The mode switching unit 23 selects a control by either of 

the assist controller 21 or the automatic parking controller 22 
and makes the control so selected effective, whereby the 
automatic parking mode and the assist mode are Switched 
therebetween. This mode switching unit 23 not only switches 
the control mode according to the setting by the automatic 
parking mode switch 13 but also switches the control mode 
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from the automatic parking mode to the assist mode accord 
ing to an instruction from the automatic parking cancellation 
controller 24 during the automatic parking mode. 
The automatic parking cancellation controller 24 deter 

mines whether or not the automatic parking control is to be 
cancelled based on a manipulating torque detected by the 
torque sensor 11 and a manipulating angular velocity calcu 
lated by the manipulating angular Velocity calculator 25 and 
gives to the mode Switching unit 23 an automatic parking 
cancellation instruction which instructs the unit to cancel the 
automatic parking mode when the automatic parking mode is 
to be cancelled. More specifically, the automatic parking 
cancellation controller 24 issues the automatic parking can 
cellation instruction when the manipulating angular velocity 
is equal to or lower than a speed threshold value (oth and an 
absolute value of the manipulating torque exceeds a first 
threshold value TH1 higher than Zero. 

The automatic parking cancellation controller 24 includes 
a steering speed limiting unit 29 for limiting a steering speed 
under the automatic parking control when the automatic park 
ing mode is in operation. This steering speed limiting unit 29 
determines whether or not the automatic parking control by 
the automatic parking controller 22 should be intervened in 
based on the manipulating angular velocity and the manipu 
lating torque and gives to the automatic parking controller 22 
an instruction which instructs the controllerto intervene in the 
automatic parking control when necessary. More specifically, 
the steering speed limiting unit 29 issues to the automatic 
parking controller 22 the instruction to limit the steering 
speed to be equal to or lower than the speed threshold value 
(oth when the absolute value of the manipulating torque 
exceeds a second threshold value TH2 which is smaller than 
the first threshold value TH1 (0<TH2<TH1) in the case that 
the manipulating angular Velocity exceeds the speed thresh 
old value (oth. 
The assist controller 21 determines a motor target current 

value which corresponds to a manipulating torque detected by 
the torque sensor 11 and a vehicle speed detected by the 
vehicle speed sensor 12. More specifically, the assist control 
ler 21 sets a motor target current value according to an assist 
characteristic which decides a motor target current value with 
respect to the manipulating torque and the vehicle speed and 
controls the electric motor M via the drive circuit 30 so that 
the motor target current value is attained. The assist charac 
teristic is stored in advance in the memory within the micro 
computer 20 in the form of a map (a table), for example. This 
assist characteristic is provided such that for example, the 
motor target current value can be set larger as the absolute 
value of the manipulating torque becomes larger and the 
motor target current value can be set Smaller as the vehicle 
speed becomes faster. 
The automatic parking controller 22 includes a target trav 

eling path calculator 26 for calculating a target traveling path 
from a current position to a target parking position of the 
vehicle, a steering angle control section 27 for controlling a 
steering angle according to the target traveling path calcu 
lated by the target traveling path calculator 26, and a traveling 
distance calculator 28 for calculating a traveling distance 
based on an output signal of the vehicle speed sensor 12. 

The target traveling path calculator 26 calculates a target 
traveling path based on a video image sensed by the camera 
14 and an input from the touch panel 16. More specifically, 
when the driver manipulates the automatic parking mode 
Switch 13 to designate the automatic parking mode, a video 
image outputted by the camera 14 is displayed on the display 
device 15. Then, the driver designates a desired parking posi 
tion from the touch panel 16 by referring to the video image 
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8 
displayed on the display device 15. Consequently, in this 
case, the touch panel 16 functions as a parking position des 
ignation device. When the parking position is designated in 
this way, the target traveling path calculator 26 calculates a 
positional relationship between the current position of the 
Subject vehicle and the designated parking position and 
obtains a path which avoids an obstacle that is recognized by 
the video image sensed by the cameral 14 as a target traveling 
path. The traveling path so calculated may be displayed on the 
display device 15. 
The target traveling path calculator 26 stores information 

on the target traveling path in the memory in the form of 
steering control table data which is table data which repre 
sents a relationship between a traveling distance over which 
the vehicle travels from the current position to the target 
parking position thereof and a steering angle which corre 
sponds to the traveling distance. The steering angle control 
section 27 controls the electric motor M by referring to the 
steering control table data. Namely, the steering angle control 
section 27 obtains steering angle data corresponding to a 
traveling distance of the vehicle which is inputted from the 
traveling distance calculator 28 from the steering control 
table databased on the traveling distance. The steering angle 
control section 27 controls the electric motor M via the drive 
circuit 30 so that the steering angle data is attained so 
obtained. 

During the automatic parking is being performed, basi 
cally, the driver does not manipulate the steering wheel 5 but 
manipulates an accelerator pedal and a brake pedal so as to 
adjust the speed of the vehicle and adjusts a stopping position. 
During this operation, the steering angle of the steering 
mechanism 1 is automatically adjusted moment by moment 
by the electric motor M controlled by the automatic parking 
controller 22. 

There may occur a case where the steering angle of the 
steering mechanism 1 has to be changed quickly depending 
upon the adjustment of the vehicle speed by the driver or an 
approaching angle to the parking position. As this occurs, not 
only does the steering speed of the steering mechanism 1 
become fast but also the manipulating angular Velocity of the 
steering wheel 5, which is mechanically connected to the 
steering mechanism 1, which is the rotational angular Veloc 
ity thereof also becomes fast. In these situations, when the 
steering wheel 5 strikes the hand, fingers of other part consti 
tuting an obstacle of the driver, a rise in steering torque is 
detected, and the steering speed controller 29 interferes with 
the control of the automatic parking controller 22 and limits 
the steering speed of the steering mechanism 1. 

FIG.3 is a flowchart which describes an operation which is 
performed repeatedly on a predetermined control cycle by the 
automatic parking cancellation controller 24 during the auto 
matic parking mode. Firstly, the automatic parking cancella 
tion controller 24 judges whether or not the rotation of the 
steering wheel 5 is fast. Namely, the automatic parking can 
cellation controller 24 judges whether or not a manipulating 
angular Velocity that is obtained by the manipulating angular 
velocity calculator 25 is equal to or lower than the predeter 
mined speed threshold value (oth (step S1). If the manipulat 
ing angular velocity is equal to or lower than the speed thresh 
old value (oth (step S1: YES), the automatic parking 
cancellation controller 24 sets a torque threshold value TH to 
the first threshold value TH1 higher than Zero (step S2) and 
then judges whether or not an absolute Vale of a manipulating 
torque Th that is detected by the torque sensor 11 exceeds the 
torque threshold value TH (step S3). If the absolute value of 
the manipulating torque Th exceeds the torque threshold 
value TH (step S3:YES), it is judged that the driver is impart 



US 7,516,003 B2 
9 

ing a manipulating torque to the steering wheel 5 or there 
exists a possibility that the hand, finger or other part consti 
tuting an obstacle of the driver is caught by the steering wheel 
5, and the automatic parking cancellation controller 24 gives 
to the mode Switching unit 23 an automatic parking cancel 
lation instruction (step S4). In response to the instruction so 
given, the mode Switching unit 23 Switches the control mode 
from the automatic parking mode to the assist mode. If the 
manipulating torque Th does not exceed the torque threshold 
value TH (step S3: NO), the automatic parking cancellation 
controller 24 does not issue the automatic parking cancella 
tion instruction but causes the automatic parking mode to 
continue. 

In the case that the steering angle of the steering mecha 
nism 1 is caused to change at high speeds by the electric motor 
M and the steering wheel 5 rotates at high speeds in response 
thereto, instep S1, the manipulating angular velocity is 
judged to exceed the speed threshold value (oth (step S1:NO). 
As this occurs, the automatic parking cancellation controller 
24 sets the torque threshold value TH to the second threshold 
value TH2 which is smaller than the first threshold value TH1 
(0<TH2<TH1) (step S5). The steering speed limiting section 
29 uses this smaller threshold value TH2 as the torque thresh 
old value TH so as to judge whether or not the absolute value 
of the manipulating torque Th that is detected by the torque 
sensor 11 exceeds the torque threshold value TH (step S6). If 
the absolute value of the manipulating torque Th exceeds the 
torque threshold value TH (step S6:YES), it is judged that the 
driver is imparting the manipulating torque to the steering 
wheel 5 or there is a possibility that the hand, fingers or other 
part constituting an obstacle of the driver is in contact with the 
steering wheel 5, whereby the steering speed limiting section 
29 issues a steering speed limiting instruction to the steering 
angle control section 27 of the automatic parking controller 
22 (Step S7). In response to this, the steering angle control 
section 27 controls the electric motor M so that the steering 
angle changes within a range of steering speed in which the 
manipulating angular Velocity of the steering wheel 5 
becomes equal to or lower than the speed threshold value (oth. 
In this case, for example, the automatic parking controller 22 
may limit the steering speed while performing a steering 
angle control which follows the target traveling path by lim 
iting the vehicle speed by intervening in the acceleration 
control and/or brake control. Namely, since the changing 
speed of the steering angle relative to the traveling distance of 
the vehicle can be mitigated by limiting the vehicle speed, the 
steering speed can be limited. The steering speed limiting 
section 29 forcibly causes the mode of the automatic parking 
control executed by the automatic parking controller 22 to 
change by imparting the steering speed limiting instruction to 
the automatic parking controller 22 in this way. 
On the other hand, if the absolute value of the manipulating 

torque Thdoes not exceed the torque threshold value TH(step 
S6: NO), the steering speed control section 29 does not issue 
the steering speed limiting instruction, and therefore, the 
control by the automatic parking controller 22 is not inter 
vened in, whereby the automatic parking mode is allowed to 
continue. 

In this way, according to the embodiment, in the case that 
the manipulating angular Velocity is slow while the automatic 
parking mode is in operation, the torque threshold value TH is 
set to the relatively large first threshold value TH1, so as to 
cancel the automatic parking control when the manipulating 
torque exceeds the first threshold value TH1. In case the 
rotational speed of the steering wheel 5 is slow, there is little 
danger of the hand or fingers of the driver being caught by the 
steering wheel 5, and even if the hand or fingers of the driver 
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10 
be caught by the steering wheel 5, since a large impact is not 
generated in no case, there is no possibility that catching the 
hand or fingers of the driver in such a way directly leads to a 
dangerous state. Then, by using the relatively large first 
threshold value TH1, the automatic parking mode is not made 
to be cancelled improperly and the automatic parking mode is 
made to be cancelled in the case that the driver intentionally 
applies a large manipulating torque to the steering wheel 5 to 
intervening in the automatic parking or the hand or fingers of 
the driver are caught by the steering wheel 5. 
On the other hand, in the case that the manipulating angular 

Velocity is fast in the automatic parking mode, the torque 
threshold value TH is set to the relatively small second thresh 
old value TH2. Thus, in the case that the driver intervenes in 
the automatic parking control or the steering wheel 5 strikes 
the hand or fingers of the driver, a restriction can be imposed 
on the steering speed, whereby an impact to the driver can be 
mitigated and the danger of the hand or fingers of the driver 
being caught by the steering wheel 5 can be avoided effec 
tively. In addition, after the restriction has been imposed on 
the steering speed, since a state results in which the manipu 
lating angular Velocity is judged as being equal to or lower 
than the speed threshold value (oth in step S1 in FIG. 3, the 
automatic parking mode is not cancelled improperly except 
when it is necessary to cancel it to deal with the case where the 
driver intentionally applies the large manipulating torque to 
the steering wheel 5 so as to intervene in the automatic park 
ing control or the hand or fingers of the driver are caught by 
the steering wheel 5. 

In this way, the danger of the hand or fingers of the driver 
being caught by the steering wheel 5 can be avoided effec 
tively, and the improper cancellation of the automatic parking 
mode can be Suppressed or prevented while reducing the 
impact given to the driver So as to improve the steering feel. 

FIG. 4 is a flowchart which describes the operation of a 
second embodiment of the invention and in which a control 
for canceling the automatic paring mode is shown. In the 
description of this embodiment, FIGS. 1 and 2 will be referred 
to again. In this embodiment, however, a steering speed lim 
iting section 29 is not necessary to be provided in an auto 
matic parking cancellation controller 24. 

In this embodiment, the automatic parking cancellation 
controller 24 variably sets a torque threshold value TH 
according to a manipulating angular Velocity that is obtained 
by a manipulating angular velocity calculator 25 (step S11) 
and gives an automatic parking cancellation instruction to a 
mode switching unit 23 (step S13) in the case that an absolute 
value of a manipulating torque Th exceeds the torque thresh 
old value TH (step S12: YES). If the absolute value of the 
manipulating torque This equal to or lower than the torque 
threshold value TH (step S12: NO), the automatic parking 
control is allowed to continue. 

FIG. 5 is a diagram which describes a variable setting 
example of the torque threshold value TH in step S11. The 
torque threshold value TH is determined to decrease from a 
predetermined upper limit value to a lower limit value as the 
manipulating angular velocity (the absolute value) increases 
higher. In this embodiment, while the torque threshold value 
TH is made to decrease linearly as the manipulating angular 
velocity increases, the torque threshold value TH may be 
made to decrease along a predetermined curve. 
By setting the torque threshold TH in such a manner as to 

decrease as the manipulating angular velocity increases in 
this way, the automatic parking control can be cancelled 
properly while Suppressing the uncomfortable feeling sensed 
by the driver in the case that the driver contacts the steering 
wheel 5 during automatic parking control. 
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For example, when the steering wheel 5 is rotating at low 
speeds under automatic parking control, there is caused no 
danger even though the driver contacts the steering wheel 5. 
and there is no case where a large impact is given to the driver. 
Then, the torque threshold value TH is set relatively large, 
whereby in the case that the driver intentionally intervenes in 
the automatic parking control or the hand or fingers of the 
driver are caught by the steering wheel 5, the automatic park 
ing control can be canceled, while in the case that the hand or 
fingers of the driver simply strike the steering wheel 5, the 
improper cancellation of the automatic parking control can be 
Suppressed or prevented. 

In addition, in the case that the steering wheel 5 is being 
rotated at high speeds under automatic parking control, in 
order for the impact generated when the driver contacts the 
steering wheel 5 to be suppressed, the torque threshold value 
TH is set relatively small. With this, the steering feel can be 
improved, and even when the steering wheel 5 is being rotated 
at high speeds, the automatic parking control can be cancelled 
promptly in the case that the driver intentionally intervenes in 
the automatic parking control or in the case that the hand, 
fingers or other part constituting an obstacle of the driver is 
caught by the steering wheel 5. 

Thus, while the two embodiments of the invention have 
been described heretofore, the invention can be implemented 
in other forms. For example, while in the first embodiment, 
the steering speed during automatic parking is made to be 
limited when the absolute value of the manipulating torque 
exceeds the second threshold value TH2 in the case that the 
manipulating angular Velocity exceeds the speed threshold 
value (oth, the automatic parking control may be made to be 
cancelled in place of limiting the steering speed. 

In addition, while in the embodiments, in order to detect the 
operation speed of the steering wheel 5 as the control mem 
ber, the manipulating angle sensor 17 is provided to calculate 
the manipulating angular Velocity, the detection of the oper 
ating speed of the steering wheel 5 can be implemented by 
utilizing, for example, a rack travel amount sensor for detect 
ing a travel amount of the rack shaft 2, and additionally, the 
relevant detection can also be implemented by detecting the 
rotational speed of the electric motor M. 

In addition, while in the embodiments, the torque threshold 
at which the automatic parking control is intervened in is 
changed according to the detected manipulating angular 
velocity of the steering wheel 5, the torque threshold value 
may be changed according to other driving states Such as the 
vehicle speed of the vehicle which is under automatic parking 
control by detecting such other driving states. More specifi 
cally, since the vehicle speed is closely related to the manipu 
lating angular Velocity of the steering wheel 5, in the case that 
the vehicle speed exceeds the predetermined vehicle speed 
threshold value, the mode of the automatic parking control 
may be forcibly changed in Such a manner as to restrict the 
manipulating angular Velocity. 

Furthermore, an abnormality detector may be provided for 
detecting the abnormality of the electric power steering sys 
tem. In the case that abnormality (abnormality in a sensor, 
abnormality in actuator and the like) is detected, the auto 
matic parking control may be made to be cancelled. Further 
more, when abnormality is detected, the automatic parking 
control is cancelled and an emergency braking instruction is 
sent to the brake system so as to automatically stop the 
vehicle. 

Furthermore, while in the embodiments, the invention is 
described as being applied to the electric power steering 
system, the invention can be widely applied to vehicle steer 
ing systems in which a steering actuator is provided for 
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12 
imparting a steering force to a steering mechanism of a 
vehicle. These vehicle steering systems include a so-called 
steer-by-wire system, a hydraulic power steering system and 
the like. The steer-by-wire system means a system in which a 
mechanical connection between a steering mechanism and a 
control member Such as a steering wheel or the like is elimi 
nated, so that a manipulating amount of the control member is 
detected by a sensor and a driving force of a steering actuator 
which is controlled according to an output from the sensor is 
transmitted to the steering mechanism. In the steer-by-wire 
system, although the control member is not always linked 
with the steering mechanism while automatic steering control 
is in operation, the control member is preferably made to be 
linked with the steering mechanism even during automatic 
steering control in order to have a state in which the position 
of the control member (for example, the manipulating angle 
of the steering wheel) properly corresponds to the position of 
the steering mechanism (the manipulating angle) when the 
automatic steering control is cancelled. 

In addition, while in the embodiments, the automatic park 
ing control is raised as the example of the automatic steering 
control, the invention can also be applied to other types of 
automatic steering controls such as an automatic steering 
control for causing a vehicle to be driven automatically along 
a driving lane. 
The embodiments described above are to be regard as 

illustrative rather than restrictive. Variations and changes may 
be made by others, and equivalents employed, without 
departing from spirit of the present invention. Accordingly, it 
is intended that all variations, changes and equivalents which 
fall within the spirit and scope of the present invention as 
defined in the claims be embraced thereby. 
The invention claimed is: 
1. A vehicle steering system comprising: 
a steering mechanism including a steering part connected 

to at least one vehicle wheel to steer the vehicle, and a 
control member to be manipulated by the driver to con 
trol the steering part; 

a steering actuator for imparting a steering force to the 
steering mechanism; 

an automatic steering controller for performing an auto 
matic steering control by controlling the steering actua 
tor; 

a driving state detector for detecting a driving State of the 
vehicle during the automatic steering control, wherein 
the detected driving state includes an angular Velocity of 
the control member; 

a torque detector that detects a manipulating torque applied 
to the control member; 

torque threshold value setting means for variably setting a 
torque threshold value for permitting an intervention in 
the automatic steering control based on the detected 
driving State, wherein the torque threshold value setting 
means determines the torque threshold value so as to 
become smaller as the detected angular velocity of the 
control member becomes faster, and 

automatic steering intervention means for intervening in 
the automatic steering control when the manipulating 
torque detected by the torque detector exceeds the 
torque threshold value set by the threshold value setting 
means, 

whereby the automatic steering intervention means inter 
venes in the automatic steering control at a lower 
detected torque for faster detected angular velocities of 
the control member. 

2. The vehicle steering system according to claim 1, 
wherein the automatic steering intervention means includes 
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an operation speed limiting means for intervening in the 
automatic steering control in the case that the detected angu 
lar velocity of the control member exceeds a predetermined 
angular Velocity threshold value and limiting the angular 
velocity of the control member to be equal to or lower than the 
angular Velocity threshold value. 

3. The vehicle steering system according to claim 2, 
wherein the operation speed limiting means intervenes in the 
automatic steering control and limits the angular velocity of 

14 
value set by the threshold value setting means in the case that 
a detected angular velocity of the control member exceeds the 
angular Velocity threshold value. 

4. A vehicle steering system according to claim 2 or 3, 
wherein the automatic steering intervention means cancels 
the automatic steering control when the manipulating torque 
detected by the torque detector exceeds the torque threshold 
value set by the threshold value setting means in the case that 
the detected angular velocity of the control member is lower 

the control member to be equal to or lower than the angular 10 than the angular velocity threshold value. 
Velocity threshold value when the manipulating torque 
detected by the torque detector exceeds the torque threshold k k k k k 


